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What is claimed is: 

1. A pressure-modulation apparatus, comprisii 
an electrode array system comprising at lea^ two 

electrodes ; and 

a conduit interconnecting said electrons, wherein 
said conduit contains an electrically conductive fluid in 
contact with a phase positioned in a pres3<ire chamber, 

2. The apparatus of claim 1^/further comprising 
at least one reservoir in commiSn^^ion with the conduit 
to contain material^-'^^^ansp^rte^ the conduit. 

3. The /apparatus o^:--ei^im^2, wherein said 
reservoir is pos^itionfed/^ the pres^ire chamber. 

4. The appargttlis of claim><'^ wherein said conduit 
comprises an elecrt^icdlly 119^-^?^ tube. 

5 5 . 'nrfe apparatus of cl-aojon^^ further comprising a 

pressure-tr^smitting apparatus to transmit pressure to 
or from t^e pressure chamber. 

6. Thk apparatus of oia4jrL> 1 , comprising at least 
three electrodes 



0 7. The app^atus of eireiim 6 , wherein said 

electrodes defined at\least two axes. 



8. A method f ofr V/rif ying nucleic acids from a 
sample, said method coXjiparff^ing : 

contacting the sampre with the phase of the 
5 apparatus of claim 1 at an irktial pressure, wherein said 
phase non-specifically binds t\ nucleic acids with 
greater affinity than said phase\binds to non-nucleic 
acid components of the sample; 
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transporting at least some of the non-nucleic acid 
components towards^3a:ie of said electrodes; 

modifying the pi5^sure to a level sufficient to 
disrupt the binding of theV^^eic acids to the phase; 

and Ps. 

transporting the nucleic a^ids towards a second of 

said electrodes. 



25 




nLaim— — whe^^ein— sarld conduit 



ir-electrophor Stic Capillary. 



10. A metshod for purifying nucleic acids from a 
sample, said method\comprising : 

contacting th^ sample with the phase of the 
apparatus of claim 9 a\ an initial pressure, wherein said 
15 phase non- specifically Binds to nucleic acids with 

greater affinity than saia Phase binds to non-nucleic 
acid components of the sar 
electrophoreticai; 
the non-nucleic acid compi 

modifying the pressure 
disrupt the binding of the nijcle 
and 

electrophoretically separati^^ the nucleic acids 
from the phase at the modified pressure. 



arating at least some of 
from the nucleic acids; 
t\D a level sufficient to 
acids to the phase; 




f r1 a i 1 



a-rd 



smotic capillary. 



12. A methodS^^for purifying nucleic acids from a 
sample, said method cottmafi^ing: 

contacting the yfeWi/le with the phase of the 
30 apparatus of ^.^la^rn^ 11 /at/^n initial pressure, wherein 
said phase non-specif: 



binds to nucleic acids with 
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greater af'JSi.nity than said phase binds to non-nucleic 
acid componervts of the sample; 

electrois^motically separating at least some of the 
non-nucleic acid \pmponents from the nucleic acids; 
5 modifying tfte^T>ressure to a level sufficient to 

disrupt the binding (oB>/the nucleic acids to the phase; 
and 

electroosmotica4^1yv separating the nucleic acids 
from the phase at the modified pressure, 

10 13. The apparatus of claim 1, wherein sa; 

electrode array system is configured on a micr^hip. 



14. The apparatus of claim 1, 
comprises hydroxyapatite . 



wr 



irein said phase 



15. The apparatus 
15 comprises an immobilized n 



16. The appar:^ 
comprises silica. 



of ^lacam 1, wherein said phase 
;ic 3tr^d molecule 



us of claim y , wherein said phase 



17, xfhe apparatus of claim 1, wherein said phase 
comprises^n anion- exchange resin. 



20 



25 



18. A method for isolating and purifying nucleic 
acids from a sample\ said method comprising: 

applying the ssample to a phase at an initial 
pressure, wherein sai(^^Ase non- specif ically binds to 
nucleic acids with gr/a\e/ affinity than said phase binds 
to non-nucleic acid cbra^wie^^ of the sample; 



spatially separat 



at least some of the non- 
nucleic acid components froi\the phase and the nucleic 
acids ; 



wo 99/22868 




PCTAJS98/23141 



- 80 - 

aodifying the pressure to a level sufficient to 
disrupt t^e binding of at least some of the nucleic acids 
to the phase; and 

spa\ially separating the nucleic acids from the 
phase at th^ modified pressure, 

whereVi the applying and first spatially 
separating ste^s are carried out within a single reaction 
vessel • 

19. The rf^thod of claim 18, wherein the first 
10 spatially separating step comprx'ses transporting non- 
nucleic acid components into a reservoir. 

20. The methcki of claim 19, wherein the reservoir 
contains a binding material 



21. The method 
15 spatially separating sti 

22. The method of 
spatially separating step 



J.aim 18, wherein the first 
|mp^Tses electrophoresis . 

;laim 18, wherein the first 
iprT&fes electroosmosis. 



\ 



23. The method of claUm 18, wherein said initial 
pressure is ambient pressure af^d^aid modified pressure 

20 is an elevated pressure. 

24. The method of claim ^3, wherein said elevated 
pressure is 500 to 100,000 psi . 



25. The method of claim 18, \ wherein the sample 
comprises cells and said method^Turther comprises 
25 subjecting said sample to a hyperbaric pressure 
sufficient to lyse the cells. 
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The method of claim 25, wherein the cells 
comprise external and nuclear~tnembranes , and the 
hyperbaric pressure is sufficient to lyse the external 
membrane, but\insuf f icient to lyse the nuclear membranes, 

5 27. TheVmethod of claim 18, wherein the sample 

comprises nucleiOi acid-binding^roteins and said method 
further comprises Nsubj ecting said sample to a hyperbaric 
pressure sufficients to inactivate the nucleic acid- 
binding proteins. 



10 28. The method, of claim 27, wherein the nucleic 

acid-binding proteins cWpris^~^ia^^ enzymes. 

29. The method ofV claim 18, wherein the sample 



e^c acids, the modified 

y to disrupt the binding 
ds to the phase, and the 



comprises various sizes of 

pressure level is sufficie 
15 of relatively small nuclei 

method further comprises: 

further modifying the jpl^e 

sufficient to disrupt the bin 

nucleic acids to the phase; a: 
2 0 spatially separating the ni!^leic acids from the 

phase at the further modified press 



ssure to a level 

of relatively larger 



ire 



30. The method of cladjfn^ W^^erein said sample 
comprises a biological fluid. 

31. The method of claim 25, wherein said sample 
25 comprises whole blood. - — - 

32. The method of claim 25, whereiri^^ said sample 
comprises serum or plasma. _ 
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33. Vrhe method of claim_25, wherein said sample 
comprises cultured cells. 

34. Th& method of claimJS, wherein said sample 
comprises tumor N^iopsy tissue. 

. 35. The method of claim_25, wherein said sample 

comprises plant tisWe. 

36. The meth^ of claim 25, wherein said sample 
comprises living tissu\ 

37. The method ^ claim 18. wherein said nucleic 
0 acids comprise DNA. 



3 8 . The method of 
acids comprise total RNA. 

3 9 . The method of 
acids comprise messenger RNA 



km 18, wherein said nucleic 



,m 18, wherein said nucleic 
FA) . 



T !; \i Q wVip-rein said nucleic 

40. The method of claimj.8, wnerem ^ 

acids comprise viral RNA. 

^. J r-Ta-im 3 7\ wherein said DNA is 

41. The method of claim j / wuco. 

chromosomal DNA. 

42. The method of claim 37, Ajerein said DNA 
2 0 comprises a vector. 

43. The method of claim 37, wherein said DNA 
comprises viral DNA. 
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44. T\e method of claim 18, wherein said modified 
pressure is sufficient to elute vector DNA but not high 
enough to elute ^hromosomal DNA. 

45. The m^hod of clai-m-i8, wherein said modified 
5 pressure is sufficient to elute RNA but not high enough 

to elute chromosomalX DNA. 

46. The method of claims 18, wherein said method 
further comprises addirtg a dicarbonyl compound to the 
sample to inactivate nuAleic-acid binding proteins. 

10 47. The method o^ claim 18, wherein said phase 

comprises hydroxyapatite , 

48. The method of /cYa/m 18, wherein said phase 
comprises an immobilized Auci(ibi^^cid molecule. 



49. The method of c^ 
15 comprises silica. 



/aim 18, wherein said phase 



50. The method of claim Vs, wherein said phase 
comprises an anion- exchange resirtil 

51. The method of claim 18\ wherein said phase 
comprises a pressure-sensitive ~gel . 

20 52. The method of claim 18, ^herein said phase 

comprises a pressure-stable medium. 

53. The method of claim 52, whterein said medium 
is a non-porous resin comprising^ to 55( beads having 
a positively charged surface. 
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54 .\ The method of cl^LilP^ 18, further comprising 
concentratin'b the nucleic acids between two membranes by 
electrophoresis, wherein one of said membranes is 
substantially iWjermeable to nucleic acids and the second 
5 membrane has incf^ased permeability to nucleic acids 
under applied electrical potential. 

55. The method of claim 54, wherein said 
concentration is carried out at^aid modified pressure. 

56. The methocy ofv yiaim 18, further comprising 
10 trapping the spatiallylsegf^rated nucleic acids in a 

filter by electrophoresis, 

57. The method of claVn_J-8, further comprising 
transporting the spatially separated nucleic acids to an 
analytical device. 

15 58. The method of claifft-^7\ wherein said 

analytical device is a matrix-assisti^d laser desorption 
and ionization (MALDI) mass spectrome>ter , 




■fo^ carrying out the method of claim 



18, the device 
2 0 a pre 

a pressuri 
wherein said cell 
apparatus . 

60. A device for 
2 5 device comprising : 

a sample c6mpa 
a pressure, 
pressure 



on apparatus ; and 

containing said phase, 
to fit within said 




the 



g apparatus to transmxt 
medium outside of said 
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device to the sample compartment, without allowing f^id 
flow between the medium and the sample compartment 

61. The device of claim 60, further com;^ising a 
chamber having an orifice, whereTrPsaid sample 

5 compartment and pressure- transmitting apparayis are 
configured within said orifice. 

62. The device of claim_60^ wherein said 
pressure-transmitting device comprises shape-memory 
alloy device. 

10 63. The device of claim 60/; wherein said 

pressure-transmitting apparatus comprises a 
magnetostrictive device . 

64. The device of cla/im-Q,, wherein said chamber 
comprises a cylind^^f'^and^ai^ pressure- transmitting 

15 apparatus compri/ses a piston. 

65. The de4'ic^;;?Sfclr^^m--^ wherein said cylinder 
comprises a plast icl^^tj^ having a sealed end and an open 
end, and saidy pistoA/comprises k rubber piston. 

66. The device of cl^ujn_60, wherein said chamber 
20 comprises a welY in a micj^^^titer plate. 

67. /A^^fhod for permeabilizing cells, the method 
compr i s ing / 

charging the sample compartment of the device of 
claim eo'^with cells at an initial pressure; 
2 5 ^ introducing the device into a pressure modulation 

apparatus ; and 

/ momentarily increasing the pressure to at least 
10,000 psi to permeabilize the cells. 

/ 
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68. The mfe<]5x?d of claim 61, wherein said sample 
compartment is al sot 




rged with a gas . 



69. The method of claim 67, further compris; 
applying a voltage across the sample compartment 
5 spatially separate at least some components o^xrhe 

permeabilized cells from otiier components jsrt the cells. 



70 . The met 
freezing the cells, 



lod o\l 



further comprising 



71. An imp^<5ved \on^iiB2Sj:^^i^T^B chromatography 
10 method, the irT^:f^emelit^''c6mpri using hyperbaric 

pressure tp^odulate binding affinities associated with 
an ion-^e^cchange material . 

72Ss. A method for the isolation of molecules from 
"6ells, the metliod comprising: 
15 exposing the^ells to an elevated pressure of at 

least 500 psi in a pres^^e chamber to form lysed cells; 

separating the molecules r^^qm the iCells within the 
pressure chamber. 




20 73. The method of claim 72, further- comprising 

cycling the pressure between tite- elevated pressure and 
ambient pressure at least twice. 



74. The method of claim 72, wherein the^jnaelrecules 
are extracted by e^nlETtm with a tlowii 
25 electrophoresis, /'"^elecitrobsm^^ absorption to 

an absorptive mediiim^^^^^oltr^l^^ differential 
sedimentation^^^^^r^Ia^itiza^ distillation, gas 

chromatog;i?aphy, or ^ pr^ cjpirtation . 
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75. The method of claim 72, wherein the pressure 
is raised to its final value in less than 1 second. 

76. The method of claim 72, wherein the pressure 



xs 



raised to its final value in less than 0.1 second. 

clai m 72 ^\vherei^^ 
lis are at said elevated 




The method of claiTnJ72, further comprising 
returning the cells to ambient pressure. 

79. The method of claim 72, further comprising 
purifying the molecules, at l^ast" partially, within the 
pressure chamber. 

80. The method of claim— =99, wherein the molecules 
are purified by elution with a flowing solvent, 

5 electrophoresis, electroosmosis , selective absorption to 
an absorptive medium, filtration, differential 
sedimentation, volatilization, distillation, gas 
chromatography, or precipitation. 

0 81. The method\(S' claim 79, wherein the purifying 

step requires a change LuWessure of at least 500 psi . 

82. The method of cla-iiii^2, wherein the cells are 
selected from the group consisting of yeast, bacteria, 
fungi, animal cells, plant cells, insect cells, and 

5 protozoan cells. 

83. The method of clai^78, wherein the cells are 
returned to ambient pressure in 1 second or less. 
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84. The method of claim 78, wherein the cells are 
returned to ambient pre s sure ^TrT^ . 1 second or less. 



'8^. A method of lysing a cell, the method 

comprising\ 

pro\iding a frozen cell under atmospheric 

pressure ; 

whileViaintaining the cell at a subzero 
temperature, exposing the cell to an elevated pressure in 
a pressure chamber, the elevated pressure being 
sufficient to th\w the frozen cell at the subzero 
temperature ; 

depressuriz\ng the pressure chamber to freeze the 
cell at the subzero Vemperature ; and 

repeating the\exposing and depressurizing steps 
until the cell is lyse 

86. The method 6f claLiiiL85, wherein the subzero 
temperature is about -2 0^)^^ and the elevated 

pressure is between aboutr \8 ^i and 75,000 psi 



87. The method 
is raised to its final v^^ue 



88. The method of c] 



.im 85, wherein the pressure 
Vl ^less than 10 second. 



aim\8 5, wherein the pressure 



xs ra 



ised to its final valueTin Itess than 1 second. 



89. The method of claim 85, \ wherein the cell is a 
bacterium, a fungal cell, a plant ce\l , an animal cell, 
i an insect cell, and a protozoan cell 



90. The method of claam^85, 
yeast cell . 



wherein the cell is a 
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91. A method of isolating a biological component 
from a liquid sample, the method comprising: 

exposing the sample to an elevated pressure in a 
pressure chamber, the elevated pressure being sufficient 
to maintain the sample in a liquid state at a subzero 
temperature ; 

while maintaining the elevated pressure, reducing 
the temperature of the sample to the subzero temperature; 
and 

while maintaining the elevated pressure and the 
subzero temperature, isolating the biological component 
from the sample. 



Co 92. The method of claim. 91, wherein the subzero 

temperature is about -20°C or higher, and the elevated 
15 pressure is between about 28 psi and 75,000 psi . 

93, A pf^ssure -modulation apparatus, comprising: 
an electrod^ array system comprising at least two 
electrodes ; 

a conduit inter^s^necting said electrodes, wherein 
20 said conduit contains an ^i^ctrically conductive fluid in 
contact with a phase positioH^d in a pressure chamber; 
and 

means for controlling teTrt^^rature of the pressure 
chamber. 




J 



25 



The pressure-modulation apparatus ofc^ 




93, further comprising at 
communication with the cpndui 
transported by the c 



3 0 liquid s^ple, sai 



lucleic acids from a 
sthod--C'c5ffiprising : 
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contacting the sample with the phase of the 
apparatus of claim 93 at an initial pressure , wherein 
said phase noiv^pecif ically binds to nucleip^cids with 
greater affinity than said phase binds non-nucleic 
acid components of the sampler- 
transporting at le^^ som^K^f the non-nucleic acid 
components towards on^of sai^/electrodes ; 

modifying bf{e press^i^ to a level sufficient to 
disrupt the bindi,/hg of ^K^^4uqleic acids to the phase; 

and ' " 

transportiji^ t^e nucle; 

said electrodes 

wherein the^iliiJtial pressure or the modified 
pressure ^ both are sufficiently high to maintain the 
sample/at a liquid state at a subzero temperature. 

96. The method ^^^lad^ wherein the nucleic 

acids are RNA. \^ 



acids towards a second of 



97 . 

pressure is suf j 
to elute chromo 



method of lclaiiii_96, wherein the modified 
icient to elute RNA but not high enough 
sorKal DNA. 



98. A method Xpr the isolation of molecules from 
cells, the method compressing: 

exposing the cells\to a temperature of at least 
45°C and a pressure of at ]\ast 500 psi in a pressure 
chamber to form lysed cells; \nd 

separating the molecule\ f rom the lysed cells 
within the pressure chamber. 



99. The method of claj^^J / wherein the 
temperature is in the range of about 50 °C to about 90 °C. 
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100. A method for disruption of cells or tissue, 
^^:==gE^^g^ :fe-3^va £x33 ^^ msthod comprising 

freezing the sample;^ and 

pulsating the pressure while maintai^aang the 
5- sample in the frozen state, thereby disru^ing the cells, 
tissue, or microbes. 



as 



10 



15 



101. A method for inact ivajzang proteins in a 
sample, the method corj^Jfo^siHg : 

adding to t>le sample/ av^ or more reagents selected 
from the group co/sistfing^^^^isci^iocy 1,2- and 

1 , 3 -dicarbonyl compound^^y^alei^^ , succinimides , 
sulfonyl chlorides, aldehydes, ninhtdrin, ortho- 
phthalaldehyde , iodo^itamide , /3-jp6rcaptoethanol , and 
cross-linking agen^ tdi f orm^^^action mixture; and 

pressuri^ng thA^-r^ction mixture, thereby 
inactivating ^trie proteins 



prote] 



2. The method of c l^aliiL_JLai / wherein the 
Sa^enzymes . 



method c 

IS are 



J 



